Abstract. Most of community detection algorithms are designed from the perspective of nodes, which usually neglect the overlapping structure in networks. Whereas some of them hold the weakness of high complexity, inaccuracy and low stability. To solve the above issues, an overlapping community and node discovery algorithm based on edge similarity is proposed. In this paper, is established according to the incidence matrix. Then the algorithm is proceeding on line graph and finally the community detection results are restored to the original network, thus overlapping community and nodes are discovered. Several experiments are carried out on different datasets, demonstrating that the proposed algorithm is effective.
Introduction
Most of the existing community detection algorithms [1] in complex network [2] are designed from the perspective of nodes, in which a certain node can be divided into only one community. However, in real networks, some nodes usually belong to several communities, which are known as overlapping nodes [3] (or overlapping community [4] ).For the overlapping nodes are related to many communities simultaneously, they usually act as a bridge between different communities and play an important role in networks. In the face of increasing scale of networks, further research on overlapping community and node discovery is of great significance.
Mining overlapping nodes in networks is usually achieved by discovering overlapping communities [5] . Although these researches had some achievements in the past, it is still lacking. Pallaet al. [6] proposed the famous Clique Percolation Method in 2005, however, the main problem is that a parameter k is difficult to determine. Gregory put forward the CONGA [7] algorithm, where as the effect of the algorithm heavily depends on the empirical parameters. Generally, as for the current algorithm of overlapping nodes detection, there are many problems such as high complexity, low accuracy etc. To solve the above issues, this paper proposes an overlapping community and node discovery algorithm based on edge similarity. The object of study is transformed from node to edge, and then the overlapping nodes are discovered by the conversion between the line graph and the original network.
Algorithm Description Line Graph
Usually, the network is represented by the adjacency matrix of the node, but the adjacency matrix can only describe the relation between the nodes in the network graph. In order to express the relation between two edges, it is necessary to be mutually transformed with the incidence matrix. B α = , then there is no link between the two. In incidence matrix, the degree i k of a node and the number of nodes kα are attached to a link α (always equal to two), shown as follows:
Another expression of adjacency matrix is represented in the following formula:
The method of constructing line graph is given by means of node mapping of bipartite network [8] , the adjacency matrix C is used to represent the line graph of the network, and C represents a L L × incidence matrix. According to the transformation formula mentioned above, the adjacency matrix expression of the line graph can be obtained: , and this transformation does not lose any information in the original network. Therefore, the theory of line graph is widely used.
Edge Similarity
Suppose that in network G , the edge and edge have a common node p , we call a shared node, node i and node j are contribution nodes. In the network topology, neighbor nodes can usually provide a lot of useful information, so we can reasonably define the edge similarity by means of two nodes associated with one edge and the neighbor nodes between the two nodes.
In summary, this paper employs the degree of influence which comes from the common neighbor nodes of the contribution nodes to the two edges connected with contribution nodes, and the degree of influence of the contribution node itself on the edge which it connected with. Improved the RA index [9] , and the method of computing the edge similarity is given as follows: 
Algorithm Process
Step 1: network initialization. 1) Build the original graph ( ( ), ( )) G V G E G of the network. 2) Calculate the number of nodes and edges in the network G , and give each node G' V G' E G' according to the incidence matrix and formula (3) , and here the mapping relation ( )
Step 2: Take the splitting algorithm to divide community in the network G' . 1) Arbitrarily select two adjacent edges ip e and pj e in network G , calculate the similarity ( , ) ip pj S e e between the two edges in accordance with the formula (4). 2) Find the current minimum edge similarity min( , )
ip pj S e e in network G . 3) By the mapping relation ( )
, find the corresponding edge p e in the line graph G' following the node in the graph , and remove edge p e . 4) According to modularity calculation formula: ,and simultaneously record the community partition results of the edge graph G' ,and repeat the procedure in step 2. Otherwise, go to step 3.
Step 3: Discovering overlapping communities and nodes. 1) Traverse the edges in G' ,
v community j ∈ , we can get the corresponding edge in G by mapping the relation ( )
, and add the two nodes u and v corresponding to the edge i e to the ( )
c is the number of communities).
2) , represents the overlapping part of the j communities.
3) Calculate the number of times in a network G where each node occurs in
, if the number is greater than one, that means the node exists in more than one community, namely, the node is an overlapping node.
Complexity Analysis
Supposing an undirected network G , the number of nodes is n , the number of edges is m , and the complexity of the proposed algorithm is analyzed below: a) Compute the similarity of the edges and modularity. The time complexity of the link similarity is the product of the number of nodes and the number of neighbor nodes of these nodes, that is, * Consequently, the overall time complexity of the algorithm is
Experimental Analysis
Experiment on Zachary's Karate Club Dataset [10]
This dataset is used to verify the accuracy of the proposed algorithm. The initial number of community is 1. When the network is divided into 6parts, the modularity reaches its maximum value (0.5524). The nodes in the 6 communities were labeled and marked sequentially. Then, the partition results in the line graph are mapped back to the original network, and the final result is shown in Figure1. Figure 1 shows that some nodes are connected with the same color edge, and some are connected with different color edges, the nodes that connect the edges with more than one color means they belong to different communities, and these nodes are overlapping nodes. The nodes that link with the edges of the network G are added to the set of cluster corresponding to the edges, and the overlapping portions of these clusters are overlapping communities. The detailed results are shown in Table 1 . The overlapping areas of these clusters are overlapping communities, and the nodes that appear repeatedly are overlapping nodes. Extract the network information from above and get the result as shown in Table 2 . To sum up, Zachary karate club network has 12 overlapping areas, and except node 1, 12, 17, 25, 34, the rest of the nodes are subordinate to several communities. we can conclude that everyone in this karate club, there are more or less different identities with other people, such as, it can be assumed that it was the same coach, whether they competition together etc. Therefore, each person corresponds to an overlapping identity and exists in overlapping groups.
Experiment on Dolphin Social Network Dataset [11]
When the network is divided into 6parts, the modularity reaches its maximum value (0.5296). The result restored to the original network is shown in Figure 2 . And the Figure 2 shows the nodes connected by the edges with the same color are divided into corresponding clusters, and the overlapping portions of those clusters are overlapping communities. The detailed results are shown in Table 3 . Table 3 belong to more than one community, so these nodes are overlapping nodes. Dolphin social network totally has 62 nodes, representing 62 dolphins.As we know, dolphins are social animals, and a key member left the group will make the population splitting into several smaller groups. So it can be inferred that, if different dolphin groups are connected, there are overlapped parts.
Comparison Experiment
Figure 3shows the clustering accuracy of the proposed algorithms comparing with GN [12] and LPA algorithm [13] on different datasets. The results indicate the proposed algorithm can get high modularity and the optimal classification results in less number of iterations. Therefore, it is concluded that the algorithm proposed in this paper outperforms GN algorithm and LPA algorithm in classification accuracy. Moreover, overlapping communities and overlapping nodes can be discovered simultaneously. 
Conclusions
This paper proposes an algorithm for discovering overlapping communities and nodes based on edge similarity. Experiments on Zachary karate club network and dolphin social network verified the algorithm is effective. With the comparison of GN and LPA algorithm, the proposed algorithm has higher efficiency and better accuracy. In addition, this algorithm has certain universality to the analysis of complex network structure in practice with general applicability. The next step is to apply the proposed algorithm in distributed environment to deal with large scale networks.
